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Summary

improving safety at level crossing.

action to be taken to better address unsafe conditi

accompanying action plans at international anconatilevels.

This document prepared by the Group of Experts mpréving Safety at Level
Crossings contains the Group’s report offering sseasment of safety at level crossings in
UNECE member countries and other selected courdgesgell as a strategic framework for

More specifically, Part one of the report providessessment of safety performance
and of key factors contributing to unsafe condsi@t level crossings in UNECE member
countries and other selected countries. It alsdatos recommendations for countries on

In Part two, the Group of Experts offers to cowetria strategic framework for
improving safety at level crossings containing apeehensive approach for achieving a
continual improvement in safety performance. loat®ntains the strategic framework’s

The Working Party on Road Traffic Safety is invitem endorse this report of the
Group of Experts on Improving Safety at Level Chogs and to suggest way forward.

Please recycle@
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Introduction

A. Establishment of a Group of Experts on Improvirg Safety at Level
Crossings

1. At its seventy-third session (Geneva, 1-3 Magfdil), the Inland Transport

Committee (ITC) discussed the importance of adiligskey issues related to enhancing
safety at level crossings. The Committee recommenbat the Working Party on Road

Traffic Safety (WP.1), the Working Party on Roa@fsport (SC.1) and the Working Party
on Rail Transport (SC.2) consider creating a j@nbup of Experts of limited duration to

work on enhancing safety at level crossings, takirtig account all relevant experience
within other bodies such as the European Railwagnty (ECE/TRANS/221, para.50). At

its sixty-first session on 21-23 March 2011, WPated the Inland Transport Committee’s
invitation to consider creating a multidisciplinagyoup of experts to work on improving

safety at road and rail interfaces (level crossiragsl agreed to take part in this initiative
(ECE/TRANS/WP.1/131, para. 21).

2. Subsequently, the Terms of Reference (see betdvihe Group of Experts on
Improving Safety at Level Crossings was preparelhi with the UNECE Guidelines for
the Establishment and Functioning of Teams of $ists. The Group of Experts, in
general, was to aim at bringing together safetyigists from the road and rail sectors so
as to better understand the issues at this inteamioterface. In accordance with the
Guidelines, participation in the Group of Expertaswopen to all UNECE member States,
the European Union, academia and the private sedtoe Group of Experts was also open
to non-UNECE member States. The original duratibthe Group of Experts was until 31
December 2015 (at the time of writing an extensi@s granted until 31 December 2016).
The Executive Committee at its meeting on 11 JOlyapproved the establishment of the
Group of Experts on Improving Safety at Level Chogs and its Terms of Reference.

B. Terms of Reference of the Group of Experts omiproving Safety at
Level Crossings and modus operandi

Box 1. Terms of Reference

(@  The Group of Experts on Improving Safety at Leveds3ings will provide
an international discussion platform for increassadety at the interface of road and rail
systems, by bringing together specialists fromghblic and private sectors, as well as
academia and independent research. A “Safe Sysapprbach will be adopted by takin
into consideration the five key elements (5E's)i¢gfly used in level crossing safety:
Engagement, Education, Engineering, Enforcemen&mogomics.

«

(b)  The Group of Experts, based on existing resourédheo secretariat, and
possibly with additional financial support provided participating countries and in close
collaboration with other international organizasopmvill take stock of available data to
describe, assess and better understand the ssgagsiat a road/rail interface as well ag to
develop a multidisciplinary strategic plan aimedeatucing the risk of death and/or injury
at level crossings.

(c) Specifically, the Group of Experts will:
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« collect all relevant information with a view to deibing and assessing th
current safety performance at level crossings irEGH member States and selected
non-UNECE membe$tates

)

e conduct, in a coordinated manner, a cross-countryey of prevailing nationa
legislation and/or legal arrangements at levelsinys

» describe and evaluate key factors contributing nsafe conditions at level
crossings in areas such as infrastructure, natidegislation, user behaviour,
management, education and enforcement

e develop a road/rail interface strategy with a suppg action plan that will
contribute to achieving the goal of enhancing sed¢ievel crossings

» develop and maintain a network of contacts in tlevant fields, including key
stakeholders such as governments, enforcement iagemcademia, industry, roa
and railway stakeholders and users, with a viewxtthanging information and bes
practices

o

* develop a general framework to guide and suppadresistent implementation
of initiatives that would set best examples in emlireg safety at level crossings

» explore the possibility of developing (pilot) profe that would aim to ensurg
that priority is given to safety initiatives basad a system approach

e consider organizing workshops intended to supgw@tdore objectives that wil
be developed in the strategic plan of action

« monitor and report on the effectiveness and suadtéity of initiatives deployed
under the strategy, including recommending remealéibns in the areas of safety
measures, emergency responses, risk managemetnaguiuly tools

e identify future strategic and operational reseangleds and mechanisms for
delivery, taking into account, where possible, Eliity of existing resources.

(d) Membership to the Group of Experts will be opeméeernment appointec
officials and experts from UNECE and non-UNECE mem@tates. It will also be ope
to representatives of international organizatiomgn-governmental organization
academics and researchers, as well as represestafithe private sector.

S =

(e) The Group of Experts will be assisted in its woykthe UNECE secretariaf
and will report to the Working Party on Road Traf8afety.

3. The Group of Experts met nine times between&udry 2014 and 12 December
2016 The meeting agendas and reports as well as docarsebimitted by experts are
available at https://www.unece.org/trans/roadsgfdével_crossings_01.html

4. This Group of Experts prepared this report witichsists of two parts:

(a) Part one describes the substantive elementusdisd by the Group of
Experts, presents the assessment of safety perficemat level crossings in UNECE
member States and other selected countries and wheek done with the objective to
improve it, as well as formulates recommendatiopghe Expert Group to help address
unsafe conditions at level crossings, and

(b) Part two contains a strategic framework for fioying safety at level
crossings and accompanying action plans at infemedtand national levels.

5. To develop the Part one of its report, sub-adrapB to |, the Group of Experts
carried out a survey in UNECE member States aner atblected countries, to get a better
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understanding on various issues related to lewadsings and unsafe conditions at level
crossings.

6. The following countries responded to the survey:

(& UNECE member States: Belarus, Belgium, Bulgafstonia, France,
Georgia, Germany, Greece, Hungary, Ireland, Ithithuania, Norway, Poland, Portugal,
Republic of Moldova, Romania, the Russian Fedemati®pain, Sweden, Switzerland,
Turkey and the United Kingdom of Great Britain addrthern Ireland (United Kingdom),
and

(b)  Other selected countries: India.

7. Unless stated otherwise in this report, it isdamtood that terms ‘surveyed
countries’ or ‘responding countries’ refer to ttentries listed above.
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A WN

Part one

Assessment of safety performance and of key facso
contributing to unsafe condition at level crossingsn UNECE
member countries and other selected countries anctlated
recommendations

Safety performance at level crossings

8. The Group of Experts has not identified any seuhat contains data related to level
crossings and their safety performance for all URE@embers. In the absence of such a
source, the Group of Experts assessed the levssiog safety performance based on the
following data:

. Data available for 28 UNECE members (i.e. all merslaf the European Union
(except Malta and Cyprus) as well as Norway andtZasland) contained in the
database managed by the European Union Agencydibw#ys (hereafter referred
to as ERA)L. These countries are referred to si¢hapter as “ERA countries”, and

. Data available for Canada2 and the United StateAmérica3 as well as data
received from India, the Russian Federation andk@yurThese countries are referred as
“other countries” in this chapter.

9. The assessment of safety performance is preseptgarately for “ERA countries”
and for “other countries”. This is due to the fdbat there is no certainty as to the
uniformity of definitions and methods. As a restiite performance indicators may not be
directly comparable between “ERA countries” andhtot countries” and between any of
the “other countries”.

10. The ERA database contains data for level argssand safety at level crossings
from 2006 onwards. Not all the data are availabletfie entire period and for all “ERA

countries”. The data on the number of level cragsiand their type (active including

breakdown of active level crossings and passivel lenossings) are generally available for
the period 2010-2014. The data on the number ofifgignt accidents, killed or injured

users are available as totals, whereas the disgafiye per type of level crossing is only
available for certain countries and only for 20D4saggregation per type of user of level
crossing is not available at all. The data for ralipation i.e. number of track kilometers,
train kilometers and line kilometers are generailgilablé.

Available at https://erail.era.europa.eu/safetjidators.aspx

Data available from http://www.tsb.gc.ca/ergtstail/2014/sser-ssro-2014.asp#figure-12a.com
Data available from http://safetydata.fra.dwi/@fficeofSafety/default.aspx

Significant accidents, number of track kilomstérain kilometers and line kilometers are dedine

EU Commission Railway Safety Directive 2016/798/&3follows: Any accident involving at least
one rail vehicle in motion, resulting in at leasedilled or seriously injured person, or in sigraht
damage to stock, track, other installations or mment, or extensive disruptions to traffic,
excluding accidents in workshops, warehouses apdtsieThe length measured in kilometres of the
railway network. Each track of a multiple-trackivay line is to be counted; The unit of measure
representing the movement of a train over one leloen The distance used is the distance actually
run, if available, otherwise the standard netwdskashce between the origin and destination shall be
used. Only the distance on the national territdrghe reporting country shall be taken into accpunt
The length measured in kilometres of the railwaywoek. For multiple-track railway lines, only the
distance between origin and destination is to hmtzml.
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11.  For “other countries”, data are available or tilumber of level crossings and
breakdown of active and passive crossings. Theatathe number of all or fatal accidents
are also available, for Canada and the United StafteAmerica, with disaggregation per
type of level crossing and per type of user. Thenadized data are also available.

12.  In the “ERA countries”, the number of level ssimgs varies between 124

(Luxembourg) and nearly 16,000 (France). For “ott@untries”, there are between 3,100
level crossings (Turkey) to as many as nearly 2®,0Jnited States of America). The

number of level crossings in individual countriesially depends on the size of the country
and density of the rail and road networks (Figyre 1

Figure 1
Number of level crossings, “ERA” and “other” countries, 2014
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Source: ERA database, Canadian and US databases, datatteabto UNECE, UNECE secretariat
calculations.

Note: Country codes based on the 1949 or 1968 Conventia Road Traffic. They are: A — Austria,
B — Belgium, BG — Bulgaria, CDN — Canada, CH — 3aitand, CZ — Czech Republic, D —
Germany, DK — Denmark, E — SpalBST — Estonia, F — France, FIN — Finland, GB — United
Kingdom of Great Britain and Northern Ireland, GR5reece, H — Hungary, HR — Croatia, | — Italy,
IND — India, IRL — Ireland, L — Luxembourg, LT — Lithoia, LV — Latvia, N — Norway, NL —
Netherlands, P — Portugal, PL — Poland, RO — Rom&is — Russian Federation, S — Sweden, SK
— Slovakia, SLO — Slovenia, TR — Turkey, USA — Unigtdtes of America.
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13.  The distribution of active (with its variouspgs) and passive level crossings is
different from country to country (Figure 4) anddgpends on many factors which are not
subject of this assessment.

14.  On average, level crossings are located betweery one (Norway, United States
of America) to nearly eight (Russian Federatioii)lirze kilometres (Figure 2).

Figure 2
Average distance between level crossings, “ERA” arfbther” countries, line
kilometers, 2014
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Source: ERA database, Canadian and US databases, datétedoitm UNECE, UNECE secretariat
calculations.

Note: Railway lines such as high speed lines whichcatly do not have level crossings are included.

15. In recent years, the number of level crossioigrreased in the majority of “ERA
countries” (Figure 3). The decrease over pastyaars ranged from as high as 30 per cent
(Sweden) to two per cent (Denmark, Slovakia). We ffERA countries” the reported
number of level crossings increased from betweenpam cent (Hungary and Latvia) to 14
per cent (Greece) to more than 20 per cent (Bwdgamd Spain). In “other countries”, the
number of level crossing decreased or remainedanggd (United States of America).
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Figure 3
Percentage change in the number of level crossingdg&RA” and “other” countries,
2010-2014
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Source: ERA database, Canadian and US databases, datétedoim UNECE, UNECE secretariat
calculations.

Note: Calculations for Belgium for 2007-2014, Bulgar2010-2014, Croatia: 2010-2014, Estonia:
2007-2014, Luxembourg: 2009-2014, Norway: 2010-20Rdmania: 2007-2014, Spain: 2008-2014,
and Switzerland: 2009-2014.

16. The relative share of active level crossingalkdevel crossings increased between
2010 and 2014 in the majority of “ERA countries”daall “other countries” except the
United States of America where it remained unchdn@gégure 4). This was achieved by
upgrading passive level crossings to active onesbgnclosure of passive level crossings.
The shares increased from less than one per cefdi(, Hungary, Ireland, Netherlands,
Norway and Slovakia) to as high as 13 per cent t&@nand). The ratios decreased in
several “ERA countries”, most prominently in Craaéind Greece (9-10 per cent).
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Figure 4
Change in the relative share of active level crossgjs to all level crossings, “ERA” and
“other” countries, 2010-2014
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Source: ERA database, Canadian and US databases, datatteabto UNECE, UNECE secretariat
calculations.

Note: Calculation for Denmark for 2013-2014 and forv@lkia for 2011-2014.

17.  The average annual number of significant act&leat level crossings varies

considerably. In “ERA countries” in 2006-14, it ged from one significant accident

(Ireland) to as many as 152 (Poland) per year enaae (Figure 5). For “other countries”,

the number of level crossing accidents resulting fatalities and/or other severe

consequences ranged from annual average of 24eatsiCanada) to over 250 accidents
(Russian Federation) per year.
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Figure 5
Number of significant accidents, “ERA” and of fatal accidents in “other” countries,
annual 2006-2014 average
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Source: ERA database, Canadian and US databases, datétedoim UNECE, UNECE secretariat
calculations.

Note: Calculations for Croatia for 2010-2014, Estoni@0?2-2014, Luxembourg: 2009-2014, and
Switzerland: 2009-2014; Canada, India, Turkey andtddnStates of America: 2009-2014 and
Russian Federation 2010-2014.

Definition of a significant accident as per EU Coission Railway Safety Directive 2016/798/EU:
“Any accident involving at least one rail vehicternotion, resulting in at least one killed or sasiy
injured person, or in significant damage to stotkck, other installations or environment, or
extensive disruptions to traffic, excluding accigem workshops, warehouses and depots.” The
reporting of “significant accidents” was not fullyarmonized until 2010, in particular Poland
reported all accidents.

18.  The number of significant accidents has folldveedecreasing trend in the majority
of “ERA countries” as well as “other countries” ept Canada and the Russian Federation
(Figure 6). The negative slope of the trend linkigh in several cases, especially for those
“ERA countries” with a high number of significantadents (France, Germany and
Poland). At the same time, the value of the coti@acoefficient is high and thus it
confirms the trend for the majority of “ERA coumtsi’ (Figure 7). The few “ERA
countries”, whose trends are flat or negative argighificant at the same time, are those
with a rather good absolute safety performanceewkll crossings (Denmark, Ireland,
Netherlands, Sweden and United Kingdom). Two “ERAIdries” (Bulgaria and Norway)
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have flat or positive trends (indicating an inciegstrend in the number of significant
accidents over time) but they have a good absaatety performance at level crossings.
From “other counties” the negative slope of thadréne is high only in Turkey.

Figure 6 Figure 7
Coefficient of linear trend for number of significant I(i:noer;?I?rt(l,cr)]r(]i coefficient of the
accidents, “ERA” and “other” countries, 2006-2014
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Source: ERA database, Canadian and US databases, datatteagbto UNECE, UNECE secretariat
calculations.

Note: Calculations for Croatia for 2010-2014, Estoni®02-2014, Luxembourg 2009-2014,
Switzerland 2009-2014; India, Turkey and United &abf America: 2009-2014 and Russian
Federation 2010-2014.

Pearson’s correlation coefficient of “-1” meansfpet correlation with a negative (decreasing) sjope
of “0” means no correlation, and of “+1” means petfcorrelation with a positive (increasing) slope.

19. The assessment of safety performance at leeskiogs in relative terms shows
different results. “ERA countries” and “other coues” with a high absolute number of
accidents (France, Germany, Poland and the UnitattsSof America) and with a high
number of level crossings achieve relatively goesltts in terms of accidents per number
of level crossings than “ERA” or “other” countriesth fewer accidents and fewer level
crossings (e.g. Bulgaria and Estonia) (Figure 8il&rly, both “ERA countries” and
“other countries” with a high absolute number otidents and many train kilometres
driven annually (e.g. Germany, India and RussiateFaion) achieve better performance
in terms of average distance driven by trains perdent to occur than “ERA” or “other”
countries with fewer accidents but a relatively lomumber of train kilometres driven
(Greece) (Figure 9).

11
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Figure 8 Figure 9
Number of significant accidents per 1,000 Million train kilometers driven
level crossings, “ERA” and “other” per accident, f‘ERA” and
countries, 2014 “other” countries, 2014
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Source: ERA database, Canadian and US databases, datdttedbto UNECE, UNECE secretariat
calculations.

Note: Railway lines such as high speed lines which tyhic not have level crossings are included.

20. The average annual number of users who dieVelt crossings varied considerably
in the “ERA countries” in 2006-14. The number rathdeom the annual average of less
than one fatality (Ireland) to as many as 54 fa¢si (Poland) (Figure 10). For “other

countries”, the average annual number of fatalitiés as many as 155 (India) and 240
(United States of America).
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Figure 10

Number of level crossing fatalities in significantaccidents, “ERA” and fatal
accidents in “other” countries, annual average of @06-2014
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Source: ERA database, Canadian and US databases, dati#tsdoim UNECE, UNECE secretariat
calculations.

Note: In Croatia calculated for 2010-2014, in Czech litgje: 2006-2013, Estonia: 2007-2014,
Luxembourg: 2009-2014, Switzerland: 2009-2014, In@izkey and United States of America: 2009-
2014 and Russian Federation 2010-2014.

21. The “ERA countries” with a higher annual avera{ significant accidents typically
have a higher annual average number of fataliiee. number of significant accidents is
higher for every “ERA country” than the number atdlities, which shows that multiple
fatalities per significant accident are not commaéu.the same time, there are “ERA
countries” (Denmark, Netherlands, Portugal and ®pavhere a large majority of
significant accidents resulted in a fatality. FotHer countries”, it is notable that in India
the number of fatalities is high compared to thenbar of fatal accidents. This shows that
multiple fatalities are common in fatal accidents.

22. The safety performance of level crossings @mdsessed, taking into account the
data available, by combining the data on the nuneberccidents (significant accidents in
“ERA countries” and fatal accidents or accidenthwierious consequences in “other
countries”) and the normalization data for the nemlf level crossings and train
kilometres driven. The fewer accidents per levebssings the better is the safety

13
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14

performance. Similarly the fewer accidents perionilltrain kilometres driven the better is
the safety performance. The performance is bdbeife is comparatively lower number of
accidents per level crossings and at the same fawedents per train kilometres. Three
countries (Ireland, Switzerland and United Kingdoathieve best performance in such
analysis (Figure 11).

Figure 11

Safety assessment of level crossings, significamcalents to number of level crossings
versus million train kilometers driven per accident “ERA” and “other” countries,
2014
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Source: ERA database, Canadian and US databases, datétedoim UNECE, UNECE secretariat
calculations.

Note: Calculation for ERA countries based on averaga fat2012-14, and for “other countries” on
2014 data.

Railway lines such as high speed lines which tyiyici not have level crossings are included.

Data on safety at level crossings

Assessment

23. The Group of Experts reviewed collection an@ wé statistical data on level
crossings.

24.  The Group conducted a survey in UNECE membedsadher selected countries.
The survey results show that responding countgeserally, collect a vast array of data on
level crossings. The data pertains to number oéllevossings, their type and status,
accidents, numbers of persons killed and seriaaglyed. In many countries data on causal
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factors of accidents as well as on suicides are @#lected. Many countries normalize the
level crossing data by relating them to rail traffiolumes or network length data (Figure
12).

Figure 12

Type of data collected on level crossing and safety level crossing, UNECE countries
and other selected countries,

Persons killed and seriously injured at all level crossings

Number of public level crossings

Persons killed and seriously injured at public level crossings
Number of accidents by type of level crossing

Persons killed and seriously injured by type of level crossing
Number of accidents at public level crossings

Normalising data (e.g. train kilometres per annum, track-km, line-km)
Causal factors of accidents at level crossings

Number of level crossings on the conventional railway system
Number of private level crossings

Persons killed and seriously injured at private level crossings
Number of suicides /suspected suicides at level crossings

Number of incidents at individual level crossings

Number of accidents at private level crossings

Number of accidents at individual level crossings

Number of level crossings using ERA/Eurostat typology

Number of suicides / suspected suicides at individual level crossing

Number of level crossings using another classification system
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Source: UNECE secretariat survey, UNECE secretariat calicunat

Note: 100% means type of data collected by all respandountries.

25. Regarding the data on accidents, fatalitiesiajuglies, responding countries report
their collection as totals and at disaggregatecléevThe accident data are in many
countries collected per type of level crossing sisen collisions with obstacles or animals
and accidents without involvement of a train (Fey@B). The fatalities and injuries data are
also disaggregated at the level of level-crosspegi§ic user or train occupants (Figure 14).

15
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Figure 13
Disaggregation of accident data by type of level ossing user, UNECE countries
and other selected countries
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Source: UNECE secretariat survey, UNECE secretariat calicunat
Note: 100% means type of data collected by all respandountries.

Figure 14:
Disaggregation of fatalities and injuries data by ype of level crossing user,
UNECE countries and other selected countries

Train occupant
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Source: UNECE secretariat survey, UNECE secretariat calicunat

Note: 100% means type of data collected by all respandountries.

26. The responding countries reported that the daliected are used to inform the

work of national safety and other authorities. Mspecifically, the data are analysed by the
authorities to understand the impact of past asti@md to develop safety initiatives. In a
number of responding countries, the data are usedonitor and assess specific risks, so
that the future level crossing safety initiatives)de targeted in a more cost effective way
(United Kingdom).

27.  The responding countries also reported on ndelbgies and publishing. As far as
the methodologies are concerned, 16 out of 17 cesnbf the European Union and the
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Russian Federation informed that they collect tht dn accordance with data definitions
prescribed by Eurostat/OECD/UNECE. Other seven tmsinformed of using other
definitions without providing any specific inforniah in this regard. At the same time,
three of these countries (Belarus, Republic of Me&dand Switzerland) informed that data
could be collected in accordance with the EuraS&€D/UNECE definitions.

28. As far as publishing of data is concerned,rédsponding countries informed about
authorities responsible for publishing. In many mies, there is just one authority,
typically a national safety authority for railwayhich publishes the data. In some cases,
there are also individual rail infrastructure magragwho publish the level crossing data.
There are also countries where several bodiesghutiie data.

29. In conclusion, while the responding countrieforimed on their collection and
processing of a vast array of data and on publishivem, the Group of Experts, as
presented in chapter A, noted that these dataairavailable in a common database for all
UNECE countries and that they are not always easigjlable (e.g. Internet). There seems
thus to exist a gap between the reported and aclai@ availability for international
comparisons.

30. Moreover, UNECE member countries do not use sheme data, terms and
definitions except for the member countries of theropean Union and cooperating
countries. For that reasons, data - even if maddéladble on the Internet - could not be
directly used for international comparison, benctkimagy, or for risk assessment.

Recommendations

31. The Group of Experts agrees this challenge ldhoei addressed in the near future.
To this end, the Group of Experts recommends aofétvel crossing safety indicators
(Table 1) that UNECE countries should be inviteccétlect and publish annually on the
official websites. These indicators should be poedlin accordance with the common
definitions, as based on the Eurostat/OECD/UNECEhouwlogy (Annex |) and be
reported to UNECE. The UNECE should maintain a camtevel crossing database for all
UNECE members. Other countries should be encourégedso report data to UNECE
using the agreed data definitions. They should pigdish the data on official websites of
competent authorities.

32. The Group of Experts invites the UNECE WorkiRgrty on Transport Statistics
(WP.6) to manage the common level crossing datalzaskto encourage those UNECE
countries that may fail to do so, to collect andblgh the proposed set of level crossing
indicators. It recommends that the collection anglighing of data by UNECE countries
should be periodically evaluated and invites WR.Gihdertake this evaluation, with the
first evaluation to possibly take place in 201&afy, the Group of Experts recommends

that safety performance at level crossing is pécaly assessed to understand if progress is

achieved in UNECE member States as well as othemtdes. Such assessment should be
done by an international forum dealing with safeftyevel crossings.
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Table 1

Indicators for assessing safety performance at leierossings

Issue Main indicator Sub-indicator
Train network 1 line-km
characteristic (thousand)
2 train-km
(million)
Level crossing 3 Total number of 3.1. 1,000 level crossings
characteristics level crossings
4 Passive level
crossings
5 Active level 5.1 Manual (i.e. supervised)
crossings
5.2 Automatic with user-side
warning
5.3 Automatic with user-side
protection
5.4 Rail-side protected
Type of accident 6 Total number of 6.1 Per 1,000 level crossings:
fatal accidents indicator 6 per indicator 3.1
6.2 Per million train-km:
indicator 6 per indicator 1
6.3 Per 1,000 line km: indicator 6
per indicator 2
6.4 At passive level crossings
6.5 At active level crossings
6.6 At active level crossings —
manual (i.e. supervised)
6.7 At active level crossings —
with user side warning
6.8 At active level crossings —
with user-side protection
6.9 At active level crossings —
with rail-side protection
7 Total number of 7.1 Per 1,000 level crossings:
significant indicator 7 per indicator 3.1
accidents
7.2 Per million train-km:
indicator 7 per indicator 1
7.3 Per 1,000 line km: indicator 7
per indicator 2
7.4 At passive level crossings
7.5 At active level crossings
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Issue Main indicator Sub-indicator
7.6 At active level crossings —
manual (i.e. supervised)
7.7 At active level crossings —
with user side warning
7.8 At active level crossings —
with user-side protection
7.9 At active level crossings —
with rail- side protection
8 Total number of 8.1 Per 1,000 level crossings:
all railway indicator 8 per indicator 3.1
accidents
8.2 Per million train-km:
indicator 8 per indicator 1
8.3 Per 1,000 line km: indicator 8
per indicator 2
8.4 At passive level crossings
8.5 At active level crossings
8.6 At active level crossings —
manual (i.e. supervised)
8.7 At active level crossings —
with user side warning
8.8 At active level crossings —
with user-side protection
8.9 At active level crossings —
with rail-side protection
Fatalities 9 Total number of 9.1 Per 1,000 level crossings:
persons killed indicator 9 per indicator 3.1
9.2 Per million train-km:
indicator 9 per indicator 1
9.3 Per 1,000 line km: indicator 9
per indicator 2
9.4 Of which pedestrians
9.5 Of which cyclists
9.6 Of which motor-vehicle users
9.7 Of which other level crossing
users
9.8 Of which railway passengers
9.9 Of which railway employees
9.10 Of which other persons
Injuries 10 Total number of 10.1 Per 1,000 level crossings:
persons seriously indicator 10 per indicator 3.1
injured
10.1 Per 1,000 level crossings:
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Issue Main indicator Sub-indicator
indicator 10 per indicator 3.1
10.2 Per million train-km:
indicator 10 per indicator 1
10.3 Per 1,000 line km: indicator
10 per indicator 2
104 Of which pedestrians
105 Of which cyclists
10.6 Of which motor-vehicle users
10.7 Of which other level crossing
users
10.8 Of which railway passengers
10.9 Of which railway employees
10.10 Of which other persons

Note: Definitions of terms and their source are proside Annex |

Assessment of costs of level crossing accidents

Assessment

33. The Group of Experts also examined the econanoits of accidents at level
crossings in UNECE member countries and other alezpuntries. To this end, the Group
conducted a survey.

34. The survey shows that of 24 responding countolely eight (Belgium, Greece,
Hungary, India, Ireland, Norway, Switzerland and thnited Kingdom) calculate the costs
of level crossing accidents and aggregate themeabational level. In all countries, except
Hungary, the cost statistics is compiled on an ahhasis (even if the costs are established
for each individual accident separately).

35.  The motivation for calculating level crossimcrigents costs and for collecting the

necessary statistics vary between countries. Tbielet costs serve as an input to national
safety plans (India, Greece); they are reporteBR#& under Common Safety Indicators

(CSI) data (Belgium, Ireland); they are estimatedtlzey represent criteria for accident
notification (Switzerland); they are used in costfit studies (Hungary) and they are
collected for statistical purposes (Norway).

36.  While only several countries aggregate thescotaccidents at the national level,
there are 16 surveyed countries that register réifite types of attributable costs for
individual accidents. Typically, surveyed countriegister 3-4 different types of costs for a
level crossing accident, while one country (Rusdt@aderation) informed to register 11
different types of costs.

37. Among the costs most commonly registered bynteas are the property damage
costs. They are followed by the environmental cast$ costs of delays (Figure 15).
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Figure 15
Type of costs registered for individual accidentstdevel crossings,
UNECE countries and other selected countries

Property damage costs
Costs of delays
Environmental damage costs
Work-related productivity costs
Costs of casualties

Insurance

Costs of re-routing

Rescue services

Lost sales

Investigation costs
Prevention costs

0% 20% 40% 60% 80% 100%

Source: UNECE secretariat survey, UNECE secretariat cal@niati
Note: 100% means type of costs registered by all redipgrcountries.

38. The responses to the survey also show thamnsé@dangary, Ireland, Portugal,

Russian Federation, Sweden, Switzerland, and Unredidom) out of 24 countries

established the costs of human life at the natitenadl. The methods used for establishing
this value differ among countries. The methods rrete to in responses are: Value to
Prevent Casualty (VPC), Developing Harmonized Eeawp Approaches for Transport
Costing & Project Assessment (HEATCO), or an exppihion.

39. In conclusion, the Group of Experts noted tiet assessment of costs of level
crossing accidents is not systematically undertakenany UNECE countries. In countries
where such assessment is done, it only coversigimumber of areas. Moreover, only a
few of the UNECE member countries aggregate thedads at national level.

40. At the same time, the Group of Experts ackndgael that insufficient information
about the accident costs represents a limitatiomaking an effective judgment on public
or private investment expenditures for safety sellerossings. It does not bring decision
makers’ attention to the matter. Finally, it imgli@ reduced ability to apply efficiency
criteria in decision making to safety improvemeattéevel crossings.

Recommendations

41. The systematic quantification of the costs efel crossing accidents should be
applied in all UNECE countries. The Group of Expeagrees to propose a taxonomy or
categorization of accident attributable costs fesessing the costs of level crossing
accidents (Table 2 and Annex IlI). UNECE membersimriged to apply the taxonomy for
every individual level crossing accident with siigdant consequences. They should also
aim at establishing annual accident cost valuéiseanational level.

42.  While there are benefits from having a highegrde of disaggregation of the
attributable costs (NCHRP methodology), the GrodpEaperts recommends giving

priority to those that represent relatively highargs of cost (CSls methodology). These
costs fall under the category “primarily effect”daarise mostly from harm to people,

21



ECE/TRANS/WP.1/2017/4

22

damage to property and to operational impact. ésisential that in all instances, the costs
incurred at both rail and road sides are considered

Table 2
Taxonomy of attributable costs of level crossing aidents

Cost Component (from
Effect Impact TRB/NCHRP) Cost component (from CS's)
Primarily Direct Property Damage Cost of material damagesliing
stock and infrastructure
Other direct costs Cost of damage to the envirommen
Indirect Work-related productivity loss
Tax loss

Intangible Quality of life
Economic impact of casualties
Pain and suffering

Secondary Supply chain Rerouting and increased emissions
disruption
Cost of delays
Freight and passenger delays and

reliability

Increased inventory and its
spoilage

Lost sales

Follow-up Prevention

Source: Group of Experts based on TRB/NCHRP report N. @8 ERA Implementation Guidance
on Common Safety Indicators (CSIs).

43.  Where it is difficult for a country to assuegular accident cost data collection, the
Group of Experts recommends to determine unit dfedint types of level crossing
accident from a sample of accident reports andyaeim for a rough estimation of annual
costs of level crossing accidents.

44.  The proxy costs can be also determined usintpodelogies such as for example
Developing Harmonized European Approaches for Traris Costing and Project
Assessment (see deliverable 5, Proposal for HazednGuidelines: http://heatco.ier.uni-
stuttgart.de/). List values can be also consultethé ERA Implementation Guidance for
CSls available at http://lwww.era.europa.eu/Document
Register/Documents/ERA%20Guidance_for_Use_of CR&-BUI-02-2015.pdf.

Prevailing legislation for ensuring safety atdvel crossings

Assessment

45.  Domestic legal frameworks play a critical rdle the design, operation and
management of level crossings. They establish hod/ by whom level crossings are
managed and used. The frameworks also determindetiet of risk as set by decision
makers. They do so by assigning a variety of statsdeand prerogatives whose
implementation is needed to create a level crossimyacterized by a certain level of
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safety. A more stringent design or more effectivenagement — if required by domestic
legislation — induces safer behaviour which in tigsrexpected to reduce the number of
fatalities and injuries at level crossings. Finaltythe states which are Contracting Parties
to the 1949 Convention on Road Traffic, 1949 Prot@n Road Signs and Signals, 1968
Convention on Road Traffic or 1968 Convention ora&&igns and Signals (all of which

contain a number of level crossing safety provisjprdomestic legislation must be in

conformity with those international legal instruntgen

46.  Using a survey, the Group of Experts assessaaiting national legislation and/or
legal arrangements at level crossings in ordedeatify good practices as well as gaps in
the national and international legal frameworksp@mticular related to conventions on road
traffic and on road signs and signals).

47.  The survey shows that in about two-thirds afponding countries the national
legislation assigns a joint — to both rail and raadnagers - legal responsibility for
managing level crossings while in one-third respogdcountries a single body is
responsible for safety at level crossings.

48. Domestic legislation also assigns clear redpiitg for maintenance and safety at
level crossings (80 per cent of survey respondeftsgontrast, only one in five survey
respondents indicated that their national legistatiegulated the reimbursement of costs
due to an accident at level crossings.

49.  According to survey respondents, a typical dgindegislation calls for matching

the type of a level crossing with the specific itnsconditions (e.g. topography, traffic

flows). While this is understandable, the GroupEsferts noted that there are different
requirements on protecting similar types of leveksings internationally.

50. In terms of use of traffic signs and signalspas the 1968 Convention on Road
Signs and Signals, almost all responding countepsrted using the traffic signs warning

of the approach to a level crossing “with no gats™with gates” (signs A, 25, A, 26 a and

A, 26 b of the Convention). Almost all (except #reurvey respondents and Contracting
Parties to the 1968 Convention use the St. Andrewdss or its alternative (signs A, 28 a,
A, 28 b and A, 28 c) as required. It should be ddtet the use of St. Andrew’s cross is
mandatory at level crossings with no half gatesxorgates (with minor exceptions). In

addition, two respondents (not Contracting Partiepprted they do not use St. Andrew’s
cross at all.

51. In addition to road signs, the road signalsase used to convey information to
road users that traversing a level crossing isnalth forbidden or that the signaling is out
of order. While the red light signal is generalled to indicate danger (approaching trains),
there are single or double lights allowed and deééatures such as flashing or not,
colour, intensity, duration are also stipulatedséime countries, white light signal is also
used. These regulations show considerable diffesehetween countries (Table 3). They
are also largely allowed under the conventionsoaw traffic and on road signs and signals.
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Table 3
Signals used for allowing or forbidding traversinga level crossing
Passage forbidden indication Free passage indication
Flashing  Flashing constant - aning 019Nt
Constant onered twored  Sound white white (out of
Country redlight light lights ~ warning Other light light order)  Other
Belarus X X X
Belgium X X X
Bulgaria X X X X
Estonia X X X X X
France X X
Georgia X X X X
Germany X X X
Greece X X
Hungary X X X X
India X
Ireland X X
Italy X X X
Lithuania X X X X
Norway X X X
Poland X X
Portugal X X X
Republic of X X X
Moldova
Romania X X X X
Russian X X
Federation
Spain X X
Sweden X X X
Switzerland X X X X X X X
Turkey X X X X
United X X
Kingdom
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52. In conclusion, the Group of Experts found thetny countries appear to have in
place legislative framework for design, operatiord ananagement of level crossings. At
the same time, the Group believed that the legislagolutions chosen may not be always
the most effective ones. For example, addressindlicting interest of road and rail users
at level crossings may not be effectively doneyifléw only one - rail or road - party is

responsible for managing safety at level crossings.

53.  The Group noted that only few responding coesthave legal provisions in place
which enable to claim reimbursement of property dgenand other costs incurred in level
crossing accidents.

54.  The Group also concluded that it is for thernél operational rules, standards and
procedures, rather than for the international Idgahework, to govern the protection at
different types of level crossings, i.e., matchihg in-situ conditions with the type of level

crossings.

55.  With regard to the signs and signals, the Grafupxperts believed that the symbol
used to indicate “gates” in sign A, 25 a might hetrecognized as indicating the approach
to gate (barrier) while the symbol to indicate “gates” in signs A, 26 which uses an old
fashioned symbol of a steam locomotive might aleb e well recognized. The Group
noted, however, that the 1968 Convention on RogthsSand Signals (Article 8, para.l)
allows modifications of the prescribed symbols (réhenecessary) as long these
modifications do not alter the symbol’s “essentiahracteristics”. As such, the Convention
provides a certain built-in degree of flexibilityittout the necessity of formal amendment.

56. The Group also concluded that the internatiaoalventions are lacking important
provisions to instruct necessary user behavior. Gheup believed that an international
sign is needed to encourage road drivers to bieaugh the barriers when trapped at a
level crossing.

57. The Group also believed that international swdee needed prescribing the use of
level crossings by vulnerable road users such ebsty and pedestrians. There is also a
need for guidance for road traffic calming and roedfic signage systems at passive and
open level crossings. Such systems should slow dmad traffic and focus drivers'
attention on the railway hazard ahead. At crossingsre users are required to stop and
look both ways before crossing, this should be neaghdicit.

Recommendations

58. The Group of Experts agrees that countries ldhtaarn from each other and
consider solutions implemented in other countrigs. this end, the Group of Experts
recommends that countries should seek to provideeffective framework for the
management of safety at level crossings, undertwbath road and rail parties and other
relevant parties work together, if not done so y&untries that have not put in place
legislation allowing claims for reimbursement ofsto from accidents should consider
solutions from countries having implemented sugfislation.

59.  The Group of Experts also recommends thatriataperational rules, standards and
procedures should govern the protection of diffetgpes of level crossings. The Group
recommends that the decision on the protection Evauld be a function of a risk analysis
and available resources and that it should be ahgath of railway infrastructure managers.

60.  With regard to the international legal framekgofor level crossings, the Group of
Experts recommends that the international convergtould be scrutinized to understand
whether provisions pertaining to road marking, algrg and signage are sufficient,
complete and effective or whether they should bpraved. The Group of Experts, as
minimum, recommends that a sign for breaking gatesn trapped between them should
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be introduced into the 1968 Convention on Road %igd Signals or the Consolidated
Resolution on Road Signs and Signals.

Use of management techniques including risk magement to prevent
unsafe conditions at level crossings

Assessment

61. The Group of Experts assessed — by means wfvays— the different management
techniques used in UNECE members and other selexadtries aimed at improving
safety performance at level crossings.

62. The Group found that when closure of level sirggs or grade separation is not
possible, countries apply widely the traditionapagach to enhancing safety i.e. upgrading
the type of protection. The priority of upgrade aien decided based on the accident
history or on technical rail aspects and subjeetvlability of budget.

63. Countries also rely on general education aridma awareness or segmented and
targeted awareness campaigns for preventing unsafitions at level crossings.

Box 2: Handling of risk at level crossings

As a result of a fatal accident at Elsenham leve$ging, United Kingdom of Great Britain
and Northern Ireland Network Rail adopted a majuainge to the way it handled a level
crossing risk. The company created the positioa lefvel crossing manager, who primarijly
has a safety role, but also manages minor maintenand all the inspection of level
crossings. Each level crossing manager is assigngtbup of level crossings, and the
inspections are used to highlight safety or maimee issues that are found on these
inspections. This has enabled the scope of risketavell understood at all of Network
Rail's approximately 6,000 level crossings. Theeleerossing managers are alwgys
consulted as stakeholders when changes to levekiogs are planned. The result |of
creating the Level Crossing Manager positions @ #iignificant improvements of safety pf
level crossings have been achieved, the risk priginow better understood, and the users
of level crossings have assurance that their iste@e now taken into account.

64. Some countries, to enhance safety, (e.g. Partog United Kingdom) have
implemented risk management at level crossingsraarsagement technique. Typically the
risk management process consists of four stepsewetal sub-steps:

0] “Planning step” which includes physical examntioa, risk analysis and
planning and prioritization of corrective action,

(i)  “Doing step” which includes implementation obrrective action,
(iii)y  “Checking step” which includes monitoring pérformance, and
(iv)  “Acting step” which includes research and depenent for improvement.

65.  During the first step all relevant data on eatlevel crossing are collected. There
might be as many as 100 various types of data &wh devel crossing The data are
combined with railway operation parameters andwatad from the risk perspective. This
is usually done with specific software based orodilgms tailored to a country-specific

situation. This step produces an estimate of riskah accident to occur and its potential
consequences (measured as probability for an addidéappen during a calendar year and
a fatality and weighted injury during a calendaanyefor each level crossing. The risk
estimation and potential consequence measuremions ta rank level crossings. In this

step, studies are also made to work out solutiansréducing risk usually applying

cost/benefit analysis. The solutions are subsefuenplemented in the next, second step,
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subject to budgetary constraints. The solutionshiniig in the field of engineering, which
may also be a closure or an upgrade of a levekuorgsof education and training or some
type of enforcement measures. In the third stbp, itnplementation of solutions is

monitored. Finally, in the fourth step, research disne to identify other potential

improvements.

66. These four steps constitute a cycle with a ogele starting when the previous has
been completed. The next cycle automatically shtnw effective in terms of risk
reduction were the measures that had been implechémthe previous cycle.

67. The Group of Experts appreciated the applinatb risk management for level
crossings in a number of countries. The Group betighat a systematic evaluation of risks
and improvement of safety by eliminating the highresks can deliver best results. At the
same time, the Group of Experts noted challengegemting countries from applying risk
management for level crossings, among them, incet@pbr unknown data sets around
level crossings, lack of consistent validation eaberes, general knowledge gaps, for
example, on including user behavioral aspectsristoevaluation formulas.

Recommendations

68. The Group of Experts agrees that exchange ketweuntries on the application of
risk management for level crossings should intgnaiid experience and good practice
should be shared.

69. The Group recommends that consistent risk siss® and evaluation procedures
be developed at international level to facilitatéufe national implementation. The Group
believes that international cooperation to develagghared tool would be a significant step
forward into measuring comparative risk and safpgyformance within and between
different authorities and states.

70. The Group of Experts also recommends that atdimed training and competence
for staff involved in the risk management for leeebssing is developed at international
level.

71. The Group further recommends that infrastréctananagers and responsible
authorities measure and model risk at each indalidtrossing to establish risk and
investment priorities. They should also specifyraqliency for assessments of risk at
individual crossings and this to be based on fi$ley need to collect key input data, such
as pedestrian and vehicle usage of crossings witgmatic tools or structured expert
judgement. Finally, they should develop a risk niddelevel crossings.

Use of enforcement to prevent unsafe conditiorad level crossings

Assessment

72.  The Group of Experts assessed - by conductswg\ey - the use of enforcement by
UNECE members and other selected countries to ersstier level crossing for road users.

73.  The survey shows that 18 of 24 responding cmstarry out some enforcement
activities vis-a-vis behavior of road users at lem®ssings and five countries (Estonia,
Georgia, Norway, Spain and Sweden) do not.

74. The enforcement activities are carried out eding to legislation in force. All

responding countries informed that they have doimdaivs that relate to road user
behaviour at level crossings. In particular, regiaikes covering motor vehicle drivers at
public road level crossings exist in all countrighe regulations covering pedestrians at
public level crossings exist in many but not a# tiesponding countries. For example, this
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is not the case in the United Kingdom where theliepple regulations do not apply to
pedestrians, which creates a weakness for enfor@ipgoper use of level crossings by
pedestrians.

75. Domestic legislation for private level crossing found inconsistent and fragmented
in countries where private level crossings exist @xample in the United Kingdom). In
some countries (for example in France and Spainqgreement or a contract is signed
between the railway company and the owner to gotrerruse of the level crossing.

76.  The responding countries informed on the varitgpes of violations which are
enforced. The most enforced violation seems to dzk light infringement followed by
speeding at level crossings and not respectingttiesign (Figure 16).

Figure 16
Types of violations enforced, UNECE countries andtber selected countries

Red light infringement
Speeding
Stop sign infringement
barrier strikes;

Any other infrigement of the...
Blocking
Overtaking

Slalom between the barriers.

0% 20% 40% 60% 80% 100%

Source: UNECE secretariat survey, UNECE secretariat caliculat
Note: 100% means type of violation enforced by all mrgping countries applying enforcement.

77.  All responding countries stated that the poliege responsible for enforcement of
public road level crossings, with one country sigtihat the infrastructure owner also had
some responsibility for enforcement on public réadel crossings together with the police
(the term ‘police’ included national, regional ailway police).

78. There is much more variation with regard tooecément at private road level
crossings. The infrastructure owner is expected agsume a greater level of
responsibility for enforcement at private road leemssings compared to public road
level crossings.

79.  The prevailing enforcement method seems toebection of violation by the police,
based on responses received for both road vehiolations as well as for pedestrian
violations at public level crossings (Figure 17).
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Figure 17
Detection methods at public level crossings, in pexent, UNECE countries and
other selected countries

Enforcement cameras
and/or police

Intelligence cameras

and/or staff reports and/or police

Police only Police only

No detection process

Enforcement cameras

0% 20% 40%  60% 0% 20%40% 60% 80%100%

M Road vehicle B Pedestrian

Source: UNECE sec survey, UNECE secretariat calculations.

80. For private level crossings, a relatively geedbcus is placed on rail staff while
some responding countries have no method of datgeiolations (Figure 18)

Figure 18
Detection methods at private level crossings, in peent, UNECE countries
and other selected countries

Rail staff reports

Police only

Intelligence cameras and/or staff
reports

Unclear from response to the question

No detection process

0% 10% 20% 30% 40%

Source: UNECE sec survey, UNECE secretariat calculations.

81. The responding countries informed that the afiete of violations is a challenge.
The use of police officers in enforcement actigitis labour intensive, expensive and the
police do not appear to attach a great priorityedorcing safe user behaviour at level
crossings. Cost, resource constraints and othetipadities means that 24 hour, 7 days per
week enforcement work could never be provided ey fiblice. Detection of violations
through the police is therefore only sporadic amghedhdent on resources and tasking
commitments.

82. However, the development and use of technoltmysupport enforcement is
growing. For example, enforcement cameras are baitrgduced in some UNECE
countries. However, even in those countries, casnara only placed at a tiny proportion of
level crossings. For example, in United Kingdoneréhwere 16 mobile safety vehicles and
16 operational fixed enforcement cameras. This igeal/the potential to detect violations
at 32 level crossings out of some 1,500 public m@adsings (two per cent at a given point
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of time). In addition, the use of cameras is chmgjleg in the context of data protection
issues and the right to privacy, especially withvsillance in situ cameras. Placement of
detection technology is often decided on the casedse basis. Typically, enforcement
authorities decide to deploy detection technologythe level crossings that have had
accident history or on a basis of a risk assessoresttuctured expert judgement.

83.  While the detection technology can be proneandalism or theft, records show
little vandalism or theft of devices placed in urtdacations and installed at heights well
above street levels.

84. In France, records show that detection tectyyol@as an impact on user behaviour
and contributes to reducing violations at levelssings. The analysis done in France has
shown that violations usually happen in the fimirfseconds from the moment the warning
equipment is activated.

85. As for punitive measures, the most widely ugediishment are fixed penalty
charges (fines) and demerit points on driving peoniloss of it for road vehicle drivers.
The most dangerous can lead to prison sentencesoircountries (Hungary and United
Kingdom). Two countries use driver re-education gopammes (Spain and United
Kingdom). Interestingly, the abuse of safety protecat private crossings can lead to
removal of access rights in France and Spain.

86. The Group of Experts found that countries hatrduced laws governing the road
user behaviour at level crossings, in particulagutations prescribing the necessary
behaviour for drivers of motor vehicles. In manyugties the regulations also cover
pedestrian obligations at public level crossingse Tegislation that governs private level
crossings has been found to be inconsistent agcthiated.

87.  The Group of Experts noted that most countegsentirely on police workforce for
detection of violations at level crossings. Autoim&nforcement is still relatively new and
is not used to the extent it could be. Even in ¢bantries that have access to detection
technology, it is mainly the police force that issponsible for detection of offences.
Inevitably, the police cannot provide sufficientfaeement coverage and deterrence to
potential violators of law among road users. Thomatic law enforcement technologies
could be used to effectively complement the tradil enforcement techniques.

88. At the same time, the Group of Experts ackndgéel the fact that there has been
very little analysis and evaluation carried oubithe effect of enforcement technology on
user behaviour (except in France). Such analysieésled in order to define how much risk
reduction enforcement can achieve — availabilitgaferas to deter users from violations
at level crossings — and how it can be optimizeds Ts necessary in order to provide the
basis for the safety case/business case for mecdoetries investing in camera detection
technology. This will inform whether there is adrpotential for a wider application of
technology throughout countries.

Recommendations

89. The Group of Experts agrees that countries |dhtaarn from each other and
consider solutions implemented in other countrlasthis context, the Group of Experts
recommends to countries lacking a regulatory fraor&wfor private level crossings to
optimize it based on existing good practices, iditig by increasing enforcement powers
for infrastructure managers.

90. As far as the roll out of violation detecti@thnology is concerned, the Group of
Experts agrees that more assessment of the effeehforcement technology on user
behavior is needed. To this end, the Group of BEgpe&commends countries carry out a
joint project that would evaluate the effects oblation detection technology on user
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behavior. Such a project should include beforedaftenchmarking exercises to quantify
whether violations and risk are reduced once deted¢echnology has been installed at
level crossings, if so, by how much, and whetheag a beneficial effect in the long term.

91.  For countries interested in pursuing develognoéwiolation detection technology,
the Group of Experts recommends that responsiliteodties work on developing systems
for the identification of pedestrians or cyclisteem they are violating level crossing rules.
They could further be complemented by a detectigstesn for identification of motor
vehicles by their number plates when their drivgéogate level crossing rules.

92. The Group of Experts further recommends théonal partnerships between the
railway infrastructure manager, police authoritie®l insurance companies are established
with the aim to offer violation prevention trainifigr users having committed them. Such
training should be made compulsory supplementingmmitive measures foreseen by the
national legislation. Moreover, motor vehicle iresoce companies should be encouraged,
based on demerit points, to provide insurance prempolicies that would induce
responsible and safe behavior of motor vehicleedsat level crossings.

93. As far as pedestrians or cyclists are conceriedGroup of Experts recommends
that national legislation establishes to imposeitpignmeasures on their violations of level
crossing rules on par with those imposed on mogtieles users.

Education for preventing unsafe conditions atdvel crossings

Assessment

94.  The Group of Experts examined the use of ethrcarogrammes by conducting a
survey in UNECE members and other selected cogntrie

95. The responses show that in the majority of t@em there are no education
programmes developed to prevent unsafe conditibfessal crossings. Only two countries
(Hungary and Germany) informed about specific etlangorogrammes launched by rail
operators.

96. In a number of countries there are level cragsafety awareness raising events,
e.g. for school children (Russian Federation), kandergarten children (Norway) or
children in general (Belgium). In some countriesléifd) information material especially
for children is distributed to raise awareness alpooper safety behavior at level crossings.
Typically, there are general campaigns in countigesensitize about the dangers of level
crossings to general public (Belgium, Germany, ®gat and United Kingdom) or
dedicated events are organized on the occasiotie afational campaigns but also during
the International Level Crossing Awareness Day @DJ° in France, Lithuania and many
other countries in Europe and far beyond (40 céeston all continents participated in
ILCAD 2016).

® ILCAD is a worldwide event to raise public awaresiabout the dangers at level crossings and was
created on the basis of other awareness campdighalteady existed in a number of countries such
as the United States, Canada, Australia and NevWadéaas well as several countries in Europe.
Those countries simply wished to consolidate tbfforts and celebrate their achievements during the
course of one day. ILCAD that has been spearheag¢keblinternational Union of Railways (UIC)
since 2009 is a joint commitment of different sestaail, road and many others and has been
supported by different institutions since then: d&@an Union, European Union Agency for railways,
European Transport Safety Council, InternationabdR@ransport Union (IRU) and UNECE. For
more information, visit www.ilcad.org).
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97. In some countries (United Kingdom) user guidaig developed and updated to
guide specific users (pedestrians, vehicle driveyslist, horse riders) on the proper use of
level crossings. In other countries (Switzerlandjleos are produced to sensitize about
level crossing dangers.

98. In one country (Ireland), the railway infrastiure manager has been seeking to
develop an educational strategy, concentratingsamnsuof passive level crossings. For this
purpose, crossings were visited, discussions wesle With the crossings’ users to

understand what should be a targeted educationrgmmoge. In some other countries

(India), international partners were searched teelig education programme on safety of
level crossings.

99. Turkey also reported that safety of level drasss given attention during driver
training for obtaining driving permits. Some othdesg. Belgium) informed of media
campaigns for professional truck drivers.

Box 3. Level Crossing Safety flyers

The International Union of Railways (UIC), the Imational Road Transport Union (IRU
and Operation Lifesaver Estonia (OLE) publisheé¢hrevel Crossing Safety flyers on 3
May 2016 to raise awareness of professional drif@rtaxi, trucks, bus/coach) about
safety at level crossing and by this reduce relataidents at this key interface between
road and rall infrastructure. They are availablé2rianguages and have been used by
ILCAD partners during specific awareness actiofst:\http://www.ilcad.org/LC-Safety-
Tips.html

SAFETY TIPS FOR

»
K DR

IN CASE OF EMERGENCY:
ACTIONS TO BE TAKEN

If the crossing lights
start flashing, while
- 7)‘ crossing, keep going

If your vehicle is stuck +
between the barriers,
% drive through, breaking ]
them l OPERATION

LIFESAVER®

Move quickly away
- m from your broken-down
vehicle

N\ Make emergency call : : ' i g 1
\) Www.iru.org/ AT GRADE/

www.uic.org/

www.ole.ee/en LEVEL CROSSINGS

Example of the flyer

100. The Group of Experts agreed that sensitiZieggeneral public as well as specific
user groups about dangers of level crossings iofitapt. At the same time, the Group
believed that a better safety impact is achievedndducation tools are targeted to specific
users. The Group also agreed that more reseameided to better understand the safety
impacts through education.
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Recommendations

101. The Group of Experts recommends that railwad/r@ad managers as well as other
relevant authorities work together at a nation&kleo develop targeted level crossing
safety campaigns and education programmes, ingufbn children of school age and

specific user groups such as e.g. corporate uberthis regard, the national authorities
should develop a broad range of tools such asatligibls, site visits and peer-to-peer
learning. They should also work closely with theounterparts from other countries to
exchange experience, knowledge and lessons le@mndeveloping level crossing safety

campaigns as well as specific education programfegstablishment of an international

forum for sharing good educational practice wowddvbry helpful.

102. The Group of Expert also recommends to inttedspecific training modules on the
safe use of level crossing to be part of curricutluring training for driving permits and, to
this end, establish partnerships with driving sd¢fi0o

103. The Group of Experts further recommends toeligv methods of measuring the
effectiveness of educational tools, campaigns amdgrammes. The methods of
measurement could be discussed and possibly reifired international forum.

Analysis of human factors to prevent unsafe catitions at level
crossings

Assessment

104. Human factors is concerned with the applicath what we know about people,
their abilities, characteristics, and limitations the design of equipment they use,
environments in which they function, and jobs tipeyfornf. This discipline on human
factors with a special focus on the behaviour effic participants at level crossings —
vehicles as well as vulnerable road users — isghf importance. It provides an explanatory
framework for the occurrence of accidents and sylosetly identifies measures to increase
safety at level crossings.

105. By conducting a survey, the Group of Expestseased the attention, concerns and
solutions of UNECE members and other selected ci@snin the area of human factor
analysis.

106. The results of the survey show that all 2peeding countries recognize human
factors as a main cause behind accidents at levsbkings. Countries often refer to road
users’ error and lack of risk awareness.

107. Two-thirds of the responding countries infodntleat they have a range of solutions
and/or creative and innovative countermeasuresaicepto solve the human-factors driven
problems. These countries refer mainly to awaremasspaigns, but also to established
engineering and technological solutions such aslHerossings closures and installation of
obstacle detection devices on trains or the presehthe police. Despite the fact that some
of the countermeasures can be effective, they #iem @ostly when applied to all level
crossings and may not address human perceptiottentian issuesOne-third of those
responding informed of not possessing any solutiofgndling human factor challenges at
level crossings.

108. A closer look into the solutions reveals thatareness campaigns are of general
nature, are not level crossing specific and mayaddress specific causative human factors.
The technical solutions have limited applicatior d financial inability to replace all level

6 According to the definition of ‘Human Factors afidjonomics Society’
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crossings with over- or underpasses or to indtallstate of art equipment to warn or detect
the danger or to prevent from entering the leveksing when a train is approaching it. In
other words, human factor challenges may be unanpe often should be addressed by
specific human factor countermeasures.

109. The outcomes of accident investigation repoofs (independent) accident
investigation bodies of several member countriesasthat most of these reports rather
focus on technical, procedural and legal areasndtén such investigation templates
concerning underlying causes on the side of thed raaer are lacking, therefore
oversimplifications of causalities and human een@ frequent.

Box 4: Perception of waiting time at level crossingby various users

The UK Network Rail reviewed, by commissioning antan factor study, the public’
perception of warning time at “Miniature Stop Ligltrossings and other crossings. The
study was not able to come to any meaningful caialuas to the maximum warning time
that would be tolerated by the public, but it didnfirm that the patience of those
interviewed varied considerably. The overall cosmn was that warning time should be
minimised so as to match the expectation of thdigub

110. Within the UNECE members few studies on hurfators in the field of level
crossing safety are known. Austria (OBB-Infra), tddi Kingdom (RSSB), Finland (VTT),
Germany (DLR) and Israel (Cognito) have provendtalelish knowledge and experience in
this field. Nevertheless, the wide majority of resgents informed that neither do they
possess nor currently conduct any research stodi@sdepth evaluations on human factors
as causative factors in level crossing accidents.

111. The Group of Experts found that there seembetdittle experience and good
practice in UNECE members in terms of addressiregifip causative human factors. It
was further noted that none of the existing sohgiand tools are knowledge or research
based. They are usually technology focused andeimghted based on a trial-and-error
method and often do not consider road user behainca sufficient manner. Furthermore,
the effectiveness of such measures is usuallyvadtiated. The experts also believed that a
distinction of different user groups (motorized doasers, bicyclists, pedestrians) is
essential to identify most suitable measures. Cagnpao raise awareness are found to
have limited effect if of general nature rathernthzeing dedicated to specific accident
causative human factors at level crossings.

Recommendations

112. The Group of Experts agrees that human factorst be identified as a major issue
in improving level crossing safety.

113. The Group of Experts also agrees that assessand solutions to human factors
issues are essential. Human factors which causerdribute to accidents must be put at
the heart of actions for improving safety at leeebssings. To this end, the Group of
Experts invites countries to engage in an in-deislysis of human factors so that human
factor based solutions are worked out, tested aatuated, including those necessary for
the safe design and operation of level crossirigshduld also facilitate location-specific

risk assessment to identify the reasons why séipsrs and violations might occur, so that
the underlying systemic causes might be addressed.

114. In this context, the Group of Experts recomasethat countries carry out a joint
project that would lead to the development of anddadized toolbox for human factors
analysis at level crossings. Such a toolbox shatdthdardize the assessment of level
crossing accidents in terms of human factors. AbaNethe investigation of causative
human factors should be mandatory for accidentstigation bodies and be supported with
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human factors templates for accident analyses &bleradequate conclusions and derive
appropriate countermeasures. The Group of Expadsugages countries to include such a
standardized human-factors analysis tool withitirtaecident investigation report template.

115. The Group of Experts also invites countriesttengthen the expertise on human
factors, in particular on investigation analysisvesll as on research for cost-effective
solutions for addressing human factors. It recondeeio determine specific user groups
and consider their different characteristic feaguie recommends focusing on empirically
based human factors criteria when developing tdolgizal solutions for improving safety
at level crossings and the sharing of knowledgegowtl practice. It suggests establishing
solution evaluation criteria to understand if impeEments to safety have been achieved.

116. The Group of Experts recommends that an iatemal database be developed
containing links to research reports and excerpt® finvestigation reports, in particular, on
human factors analyses. This can support the r&sear cost-effective human factors
solutions. Such a database could be managed bytemational forum dealing with safety
of level crossings, if such a forum is established.

Level crossing infrastructure and technology tgprevent unsafe
conditions at level crossings

Assessment

117. The Group of Experts reviewed — by conducingurvey — the areas of level
crossing infrastructure and technology in UNECE rbers and other selected countries.

118. The responses to the survey show that theimgatights, half and/or full gates
(barriers) are commonly used at active level cragsi Responding countries also use,
though to a lower degree, LED lighting, rumble s and second train warnings. They
also use other arrangements such as specific déséguares for pedestrians and cyclists
(zigzag systems or small barriers in Belgium).
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119. The responding countries also use technoldgidstect trains such as track circuit,
axle counters, mechanical or electronic treadlégrd are also systems in place to provide
indication of rail track clearance. Countries usentral train control systems and/or
intermittent train control systems. There are algstems, based on magnetic sensors built
in the road, to alert road vehicle users about@ggring a level crossing. GPS technology
has been used for improved information on trairtjmrs and communications to train and
motor vehicle drivers.

Box 5: Level crossings and information systems

Spain is working on a project using geo-positioningeal time of all road and rai
vehicles to provide danger warning notificationdiivers and infrastructure managers.
The notification is sent to mobile phones as texd audio message and, e.g., for rgad
vehicle drivers, it alerts them on approachingvallerossing.

ﬁ Paso a Nivel a
341 metros.

Infrastructure Manager
Notification Area

\vehicle when a level crossing
is detected

In the project, the system aims to detect a rodiciee blocking a level crossing and in
this case send an alert to infrastructure managetsail vehicle drivers.

The project is led by a partnership of Spanish @oeate General for Traffic (DGT)
ALSA Company (a large bus and coach company) an8PIRE consultants. A
Comobity mobile application was developed by DGTihis project by the means d
which alerts are received on phones. For more nmftion contact DGT at
sgmovilidad@dgt.e.

=

120. New types of audible warnings, gates (baiyiarsl gate (barrier) machines and
improvements to the materials used to pave surfacdsnnovations to aid installation and
maintenance have also realized greater efficiencies

121. There is also technology to specifically dgs&slestrians using level crossings. It is
largely confined to infrastructure based train dete systems providing an audible or
visual warning at footpath crossings. Some cousitgeparate pedestrians from motor
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vehicles by providing separate gates (barriers)walttways to traverse the crossing. The
use of lighting to mark paths and walkways is @smmon.

122. However, with funding limited and the consewss of an accident with a
pedestrian being borne solely by the pedestriammn@ogy development has been largely
focused on level crossings and solutions wherectissequence of an accident and the
possibility of derailing a train due to conflict twia vehicle, is greatest. Therefore, the
numbers of crossings with no technology at allighhThis includes locations where trains
frequently travel up to 160 km/h and sometimeseations with trains reaching speeds of
200 km/h. This includes crossings that are usethbymost vulnerable groups in society
such as children or the elderly and in all typesvefther and light conditions where the
burden of making the decision of when it is safertuss is theirs.

123. In addition, there are also technical enfomensystems in use installed at active
level crossings. Some of them provide intelligercdy and are not used directly for

enforcement. In this case, they are used by imfrestre managers and police to identify
problem locations prior to deploying police offiseor dedicated enforcement cameras.
Some use motion sensors to commence recording wbitee are on continuous recording
loops.

124. Also, there are other dedicated enforcemesterys that are to provide still or
moving image of the infringement making it unlikehat the enforcement action will be
challenged by a third party. These systems actitlenselves when a train approaches
level crossing and may use one of different sohgifor detecting violation, e.g. radar,
ground induction loops, video analytics or motiemsors.

125. Despite emergence of new technological saistithe Group of Experts agreed that
the look and feel of level crossings has not chdngach in the last few decades. The life-
costs of active protection layouts and of the tedbgical solutions are often too high to be
widely applied, especially at low risk active orspiave level crossings. Moreover, the
prevailing technological solutions are applied @t side while there is comparably little
done regarding road side technological solutions.

Box 6: Lifetime costs of level crossingénvestment and operations)

Overhead costs:

e Administration, procurement, regulatory framework;

* General planning (keep the crossing, increase ttwegqtion, remove the
crossing);

e Customer Service (Error reports, press, educagioforcement).

Cost of increasing protection, improving a levelssing, or removing it:

»  Design work (road design, signaling);

e Land purchase;

*  Components (signal components, road surface slabs);

»  Electricity supply and telecommunication instalati

. Construction works (road construction work, ductimgising poles, barriers,
fences);

* Install (or remove) road and rail signaling system;

* Inspection (road, signaling) and approval process.

Costs of level crossing usage:

* Maintenance (Inspections, preventive maintenammeective maintenance);

e Simple modification (e.g. Add an extra signal imthg inspection and
anoroval:
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126. The cost and time required to develop andaygpnew technological solutions that
meet industry standards and achieve the safetgrittelevels often required, means a
strong business case is necessary for most re§fmmsithorities to justify and authorize
such investment. This is a constant challengeerdavelopment of technological solutions
for pedestrians and other users of level crossargsis why the methods used to detect
trains and provide the audible or visual outputs still fairly traditional and primarily
designed for road vehicle drivers.

127. Safety cases and the high levels of integeityiired of train detection systems add a
significant level of cost, which often means thatideal of a low cost solution, suitable for

many different types of crossing with lower levefsrisk and usage, is unachievable. This
creates a real difference in the application ohtetogy and a stark contrast between
crossings used by vehicles and those used onlebdggrians, which often rely only on the

pedestrian using their own sensory perception teatlérains and to decide if it is safe to

Cross.

128. The increased demand for rail means thatstrfreture managers face challenges of
increasing capacity of their network and addinghe timetable and improving journey
times for passengers. This often requires moredrand or faster trains. Enhancements to
infrastructure have to properly consider the imgatievel crossing users and particularly
the most vulnerable user groups, who may be usimgratected passive crossings on
relatively high speed lines with high numbers @firts without any technology to assist
them.

129. For crossings used by road vehicles, an additichallenge is to reduce road
congestion and pollution as well as to reduce jeytiimes and meet the increased demand
at both the road and rail sides. Currently, moaéng will often mean longer waiting times
and longer road closure times. This creates a fgigni issue and one where traffic
planning and management technology is requiredctoese an optimal solution, which
may necessitate road traffic diversion or reroutorggrade separation.

130. Investment in technology to assist vehicleatd is far in advance of some of the
infrastructure that will be used by automated anotb@omous vehicles. Similar to the
historical separate evolution of road and rail reks in many countries, the rate and pace
of change of the vehicle is far in advance of paftthe road rail interface that it will use.
Intelligent infrastructure needs to be developededtions where road and rail meet.

131. The opportunity to plan how level crossingd aheir users can better use
technology now and in the future is something thladuld be taken advantage of and
considered as part of a more rounded approachreport networks.

Recommendations

132. The Group of Experts agrees that the techyolog road-rail interface does not

seem to be advancing at the satisfactory paceciedipefor cost-effective technological

solutions that would be also suitable for passexel crossings. To change this situation,
the Group of Expert believes that a joint vision wifiat future technology, the next
generation level crossings for pedestrian and lehisage, minimising the opportunities
for human errors and deliberate violations, maxltioe and a supporting implementation
road map may help change this unsatisfactory sitoat

133. The Group of Experts invites countries to ldi&h a joint, long term vision and a
supporting roadmap for technology development fewel crossings. It recommends
countries to collaborate on implementing the rogomace established and, to that end, to
undertake multinational technology development guty that would encompass solution
development, testing, evaluation and approvals.
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134. The Group of Experts also recommends thatvagiland road managers work

together to establish benchmarks for developingvative level crossing solutions and

new concepts for level crossing infrastructure glesamong them, cost-effective solutions
specifically for pedestrian crossings, as well@sttons aimed at more automated vehicles,
allowing a future computer driver to use level sings in a safe way.

135. For any new solution, the Group of Expertsonemends developing evaluation
criteria for assessing the effectiveness of theutsml. Such criteria should allow to
specifically establish the level of improvement iagbd (safety level before and after
implementation) and its long term benefits.
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Part two
Strategic framework for improving safety at levelcrossings

Background

136. Despite efforts to make intersections betweead and railway tracks safer,
accidents at level crossing continue to occur. &hascidents—while not numerous—
frequently have grave consequences. The risk aofgdgr being severely injured as a result
of an accident at a level crossing is several tilmgher than in any other road traffic
accident. Even if fatalities or serious injuries dot occur, bills to pay for repairs to
infrastructure and foregone revenues due to digmpand delays of services are
significant.

A Vision for Governments

137. An accident at level crossings is very likedyhave severe consequences. As there
are only minimal chances for a road user to surgiveh an accident or not to be seriously
injured in it, any accident at level crossing i€ @tcident too many.

138. Governments should thus, seek to prevent esisicht level crossings by striving to
achieve ‘vision zero’ — no loss of life, no seridoguries, and also minimal infrastructure
damage, revenue loss, disruptions and delays.

Strategic framework

139. Governments should engage in achieving the@owizero’ by implementing a safe
system approach for level crossings. This requisg®us entities at a national level — those
responsible for road user education and traininfpreement of rules, level crossing design
and operations — to engage with each other to teddecoordinated actions in a systematic
manner to enhance safety at level crossings. Tleetdl® should be to deliver appropriate
road user specific education, training and enfoemnsolutions and introduce appropriate
level crossing specific engineering solutions. Tigective should also be to reduce the
number of level crossings.

A systems approach

140. In many safety critical domains, safety hasnbamproved by the application of
contemporary human error models and managementodgetin road safety, however, the
common strategic approach has mainly been buitherview that individual road users are
solely responsible when crashes occur and countsumes have consequently been aimed
at changing the behaviour of the road user. Thgagch is however slowly shifting and
there is a growing understanding that the strategmeist be based on human factors
principles. This is in recognition that the majgrdf accidents are results of unintentional
hazardous behaviour of road users.

141. The human factors discipline treats humanreasoa systems failure, rather than
solely an individual's failure. It considers thetdractions among humans and between
humans and technology within a system. It considleespresence of system wide latent
conditions and their role in shaping the contextvhich operators make errors. Therefore,
human errors are no longer seen as the primaryecafisccidents. Instead, they are
considered as a consequence of latent failuresectdsy decisions and actions within the
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broader organizational, social or political systemwhich processes or operations take
place (e.g. government, local authorities, orgdiona/companies and their different
management levels). The systems approach apmebesdominant in many safety critical
domains where it is often denoted as Human Faorokan, Technology and Organization.

142. Accidents occur when components of a systdaraat with each other and these
interactions are not always possible to predictabse of their complexity. Therefore,
systems theory provides the theoretical foundat@nsystems engineering, which views
each system as an integrated whole even if it mposed of diverse individual and
specialized components.

143. The optimization of individual components absystems in a systems theory, in
general, will not lead to a system optimum. Improeat of a particular subsystem may in
fact worsen the overall system performance becafisemplex, non-linear actions among
the components.

The level crossing as a complex socio-technicaistem

144. Analyses of the road system from a complepdint of view have concluded that
roads were complex in nature due to the diversesipll elements such as road users,
vehicles and infrastructure components, and theynraeractions between road users and
vehicles and between vehicles and infrastructuhe fRndomness of interactions between
components within the system is evident, even thighpresence of road rules. Finally, the
road system is open to the environment, and ilgsubject to road user behaviour, which
can be highly variable. The influence of the raivieonment at level crossings provides
further complexity, both in relation to the intetiaos between the physical components,
and in terms of the coordination required of vasi@mrganizations to manage the risks to
safety at these specific intersections.

Safe System Approach

145. A Safe System Approach is a pro-active, fodalaoking approach to road safety
that constitutes a departure from traditional wafyaddressing safety on roads and hence at
level crossings. The Safe System principles ackedgd that people make mistakes in
traffic and there are known limits to the capaadifythe human body to absorb kinetic
energy before harm occurs.

146. The Safe System Approach requires understgradid managing the complex and
dynamic interaction between operating speeds, keshicoad infrastructure and road user
behaviour in a holistic way. The aim is to build resilience, by linking the individual
components of the system with each other for atgreaverall safety effect, where other
components prevent serious injuries even when btleeaomponents has failed.

147. In a Safe System, road users bear the reqjldgdo obey traffic rules and they are
expected to use roads with due care for safetys&@mesponsible for designing, building
and operating the road system (the “system desfjnerust ensure that it encourages and
supports safe use, addresses inherent safety aisfisipates errors that users will make and
guarantees they do not result in serious harm.fA aad sustainable speed management
and limit system that sets controls on the intéoacbetween vehicles, users and road
infrastructure is a key feature of a Safe System.

148. Within the context of a Safe System, a specfafe System Approach for Level
Crossings (SSALC) is adopted taking into considematthe five key elements
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(Engagement, Education, Engineering, EnforcemedtEnronomics) typically used to help
enhance the safety performance at level crosskigarge 19).

Figure 19
Safety System Approach
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Source: UNECE secretariat based on a scheme from Ireld@@asmission for Railway Regulation.

149. SSALC encompasses three key action spacéspooving safety at level crossings,

namely Engineering, Education and Enforcement, iwithe context of Engagement and
available Economic resources (Figure 20).

Figure 20
Safety System Approach, Action Spaces
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Source: UNECE secretariat based on scheme from Irelandiar@ission for Railway Regulation.

42



ECE/TRANS/WP.1/2017/4

150. Engineering — includes actions to implement a known engingesolution at a
specific level crossing and road and railway vedsiclor to undertake a research project
aimed at working out new solutions for a specifipet of level crossing. This can also
include any relevant legislative or administrativeervention needed for an effective
implementation of engineering solutions.

151. The engineering solution sho@dablethe safe use of the level crossing by taking
account of the physicaénvironment of the level crossing and the prevailing human
behaviour at the level crossing. This is done bglypg ergonomicsor human factors
engineering, i.e. understanding how engineering may be deploy@dmodify the
environment in a way that takes account of andtpe$y influences user behaviour,
thereby reducing the risk of human error.

152. The engineering solutions may be applicablailocor road infrastructure or to road
and rail vehicles and their operation. The elimoratof a level crossing by installing a
grade separated passage or roadway or merging/@dseel crossings to an active one are
also engineering solutions.

153. Education — includes actions to conduct training based astieg training material,

or to design and conduct tailored-made trainingdddressing a behavioural aspect of a
specific group of users, including users of a patér level crossing. It may include
training for stakeholders involved in the desigd aperation of level crossings and railway
undertakings.

154. It may also include more general periodicrirgation aimed at awareness raising
about the consequences of incorrect behaviourvel lerossings and therel®ncourage
users to act safely at level crossings. Any letiiseor administrative intervention aimed at
improving training implementation can also beloagHis space.

155. Enforcement — includes actions to discourage unsafe behaviduie recognising
the reasons for this unsafe behaviour, and devajomiomplementary approaches to
encourage safe behaviour and address underlying risk at lpnaditic level crossings.
Legislative and administrative interventions to &mte enforcement are also included.

156. SSALC incorporates a modelefonomicsthat determines the necessary budget to
implement specific prioritized action in any of ttieee action spaces. The economics are
related to socio-politicaéxpectations i.e. the public demand for improvement in safety
performance and function at level crossings, incdgdntervention to address legislative,
administrative and efficiency gaps. Depending ore thature of the legislative,
administrative or efficiency gaps, relevant intemen is implemented through the
engineering, education or enforcement action space.

157. SSALC also incorporates risk management terdete needful and prioritized
action in Engineering, Education and EnforcemenS$ALC risk is managed by assessing
the risk factors in four areas: infrastructure ammbration, prevailing human behaviour,
prevailing legislation and administration and budgégure 21).
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Figure 21
Safety System Approach, Areas for risk control

Infrastructure and Prevailing human

operation behavior
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Source: UNECE secretariat based on a scheme from Irela@ofsmission for Railway Regulation.

158 Infrastructure and operations — includes assessment of probability of occurrence
of an event at a level crossing, such as infragiradailure, operational error, or road user
error or violation due to elements of the infrasttme or operation at a level crossing.
Examples of infrastructure elements include roagiefeatures at the approach and exit of
level crossing, signage, number of tracks, typepmitection, and lateral views at the
crossing. Examples of operational elements woutdude train frequency, road traffic
frequency, train speed, road traffic speed, and us®r waiting times.

159. Prevailing human behaviour — includes assessment of the probability of
occurrence of events related to road users makimgrse or committing intentional
violations in the context of waiting times, preveg traffic culture, social norms and
pressures, and related levels of receptivity ttratision or appetite for risk. Preferably such
assessment is done for various types of level kcrgassers, characterized by their mental
concentration, motivation, performance and mutadluénce on each other, as well as
taking into account habitual and naive use.

160. Prevailing legislation— includes assessment of the prevalence of roaceuses or
intentional violations in the context of currengildation. For example, (i) the effectiveness
of signage and protection at a level crossing ieventing road user error, and (ii) the
effectiveness of punitive measures for misuse &llerossings on the road user’s appetite
for risk.

161. Administration and budget — includes assessment of the prevalence of harmful
occurrences in the context of interagency influereed cooperation, stakeholder
engagement and expertise, investment in infrastrectand the resulting degree of
implementation of safety improvements.
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162. Risk management includes assessment of plteminsequences of an accident.
Preferably such assessment should determine expdoss (loss of life, injury,
infrastructure damage and loss of revenue duestmglions or delays) due to accident in
monetary terms. Risk management could also incastessment of the societal cost of
ongoing delays at heavily-used level crossingsabse this can help when making a case
for investment to achieve an optimal solution, vihinight include road traffic diversion,
rerouting or grade separation.

163. SSALC prioritizes action for level crossingssed on the likelihood for an accident
to occur and the potential consequences. The assas®f risk factors shows the type of
actions needed in the spaces of Engineering, Eidacat Enforcement. It further shows
whether the action should be specific to a paicldvel crossing or type of level crossing,
or aimed at all users or a specific group of rosefst.

Implementation of the Safe System Approach fot_evel
Crossings

164. The national implementation of SSALC requicemtinuous engagement of the
relevant authorities. They should implement SSAhCycles that encompass:

(@) Government initiated engagement with road aitl authorities and other
entities in active consultation with the personskéal with implementation, to formally
agree on the objectives, secure a budget for thiegircycle, and regularly report back on
progress of implementation.

(b)  Risk management for controlling the risk atdesgrossings: Plan-Do-Check-
Act 7, continual improvement process (Figure 22):

0] Plan: evaluate risk and prioritize correctivgians;
(i)  Do: implement corrective actions per availabledget;
(i)  Check: assess and review performance;

(iv)  Act: research, develop and implement improvetae

7 Citation: 1ISO 9001:2015
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Figure 22
Safe System Approach for Level Crossings, Engagenteand continual improvement steps
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Source: UNECE secretariat based on a scheme from Irela@@afsmission for Railway Regulation.
165. The cycles should be of fixed duration.

166. The first cycle needs to include the develapnoé a level crossing inventory that is
fit for the risk assessment purpose. The subsequogcies may include changes in
inventory as a result of the implementation of eotive action at level crossings.

167. Each cycle may also incorporate improvememtssk assessment by refining and
recalibrating the risk assessment models basedeanaccident data and findings from
accident investigations or from close-call (‘nedsst) reporting.

168. The implementation of the SSALC can be mofecéfe if done through an action
plan assigning clear responsibilities. Its impletadon can be further promoted by
international cooperation, delivered through a fitarinternational action.

Recommended international actions in support ohational
implementation of the Safe System Approach for Leve
Crossings

169. There are three actions recommended for imgigation at international level:
(a) Establishment of an international working graupsafety at level crossings,

(b)  Creation of an international online database lewel crossing safety
indicators, and

(©) Creation of an international online database lessons learned from
accidents investigations
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Establishment of an international working group on safety at level
crossings

170. The international working group on safetyeatl crossings (a “forum for safer level
crossings”) could offer a platform for exchangeerperience and good practices in:

(@)  Applying risk management;

(b)  Understanding the effectiveness of various temis in the spaces of
engineering, education and enforcement;

(c)  Standardizing training and competence for stafblved in the management
of risk and safety at level crossing;

(d) Developing a harmonized methodological basisrfek assessment in the
context of SSALC;

(e) Improving methods for estimating the losses wukevel crossing accidents
and the societal cost of road traffic delays aelevossings, in monetary terms;

) Designing and implementing qualitative assessnfer benchmarking the
condition of assets and their fithess for use, praiding a more comprehensive way of
measuring and evaluating the management of leeskings; and

(g) Developing a standardized toolbox for humartdiecanalysis to be used in
national accident investigation reports.

171. It could also provide a platform for identifgijoint research or analytical projects in
search for better safety solutions, such as thdsedyieg European Geostationary
Navigation Overlay Service and GALILEO or GLONASS&pabilities. It could also assess
the level of implementation of the recommendatiforsnulated in this report and issue
periodically updates of the report.

172. lts terms of reference should ensure thabritplements but does not conflict with
the functions of already existing internationalgwe or intergovernmental bodies.

173. The Group of Experts recommended in Part dribeoreport that countries should
be exchanging experience and good practice, amdfgwces for implementing research
projects (new engineering solution, better undérgjaof human factors,) and to develop
supportive tool boxes and other material. DoingtBmugh participation in a formal body
focused on delivery of improved methods, may bee#fiective way of international
cooperation. The Group of Experts also believes itharovements to safety performance
can be achieved through the implementation of theu®s numerous recommendations
and the application of SSALC. Guidance and supgortimplementation from an
international group can make the safety improvementess more effective.

Creation of an international online database otevel crossing safety
indicators

174. The Group of Experts recommended a set of @essing core safety indicators to
be collected in an international on-line databaselevel crossing and published by all
UNECE members and other countries so that:

(a) International comparison and benchmarking wéllerossings safety could
be made; and

(b) International data be available for testing aadibrating risk management
models.
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V1.

175. The Group of Experts recommended that leveksing safety indicators be
collected and managed by UNECE within its actigitialling under the Working Party on
Transport Statistics (WP.6).

Creation of an international online database oressons learned from
accidents investigations

176. The Group of Experts recommended the creafi@ndatabase to document lessons
learned from accident investigations published INECE countries so that:
(a) International comparison and benchmarking ssdas could be made, and

(b) International data and information be availablgenerate common solutions
for enhancing safety at level crossings.

177. According to the Group of Experts, this dasgb#s not a simple collection of
investigation reports, but should contain extréicisn analyses from the reports considered
crucial for designing solutions for enhancing legsbssing safety. Such a database could
be managed by the international working group éoel crossings (see point A of this plan
of action).

Recommended national actions for implementatio of Safe
System Approach for Level Crossings

178. There are four actions recommended for impieation at national level:

(@ Government engagement and commitment for ‘migero’ for level crossing
safety;

(b)  Creation of a national working group/task fotoeapply SSALC;
(c)  Establishment of national (online) databaséeonl crossing; and

(d)  Establishment of national (online) databasdessons learned from accident
investigations.

Government engagement and commitment for ‘visio zero’

179. The Government should engage competent atifsoto implement SSALC and
through it achieve the ‘vision zero’. The Governmehould also ensure the provision of
financial resources necessary for SSALC implemantat

Creation of a national working group/task forceto apply the Safe
System Approach for Level Crossings

180. The national working group/task force to apBALC should be convened by the
governmental ministry in charge of roads and rajsyaand should typically comprise of
the following institutions:

(a) Railway infrastructure managers;
(b)  National safety authority for railways;
(c) National safety advisory authority for roads;

(d)  National road traffic enforcement authoritypgan
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(e) Experts.
181. Apart from the above institutions, the follogrishould be consulted parties:
(@) Railway undertakings;
(b)  Road infrastructure managers;
(c) Road public transport organizations;
(d)  Trucking representative organizations; and
(e) Farming representative organizations.
182. The Group should assume the following tasks:
(@) Establishment and management of a level crgssirentory;
(b)  Specification of elements for risk assessmedtfature refinement;
(c)  Distribution of responsibilities for risk assegent in the areas of:
0] infrastructure and operations;
(i) prevailing human behaviour;
(iii)y  prevailing legislation; and
(iv)  administration and budget.

(d)  Distribution of responsibilities for action ingmentation including securing
of budget;

(e)  Joint assessment of impact of implemented Bstio

) Specification of interoperability environmenetwveen railways and road
information systems;

(g) Participation in an international working grotgshare national experience
and learn from others;

(h)  Participation in international research prageetnd

0] Reporting to government on progress achieved.

Establishment of national (online) database olevel crossing safety
indicators

183. The database on level crossing safety shoeldedtablished and contain, as
minimum, the data as per the set of level crossidizators recommended by the Group of
Experts. This action may be achieved by contrilgutim an international database which
has the same objective.

Establishment of national (online) database olessons learned from
accident investigations

184. The database on lessons learned from acdiggtigations should be established
to offer a source of information for working outadysis-founded solutions for enhancing
safety at level crossings. This action may be aeleby contributing to an international
database which has the same objective.
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Definitions of terms and their sources used in ghcators for
assessing safety performance at level crossings

Accidents at level crossings and their outcome€¢mmon Glossary of
transport statistics)

Accident (railway) [A.VII-01]

Unwanted or unintended sudden event or a specifaincof such events which have
harmful consequences. Railway accidents are adsidenwhich at least one moving rail
vehicle is involved.

Level crossing accidents [A.VII-13]

Any accident at level crossings involving at lease railway vehicle and one or more
crossing vehicles, other users of the road sugbedsstrians or other objects temporarily
present at or near the track.

Fatal accident [B.VII-02]

Any injury accident resulting in a person killed.

Person killed [A.VII-09, B.VII-05]

Any person killed immediately or dying within 30ydaas a result of an (injury) accident,
excluding suicides.

Person seriously injured [A.VII-10, A.VII-6]

Person seriously injured.

Any person injured who was hospitalised for mownt@4 hours as a result of an accident.

Level crossing users [A.VII-16]

Persons using a level crossing to cross the railimayby any mean of transportation or by
foot.

(Bi) cycle [B.II.A-05]

A road vehicle which has two or more wheels andegalty is propelled solely by the
muscular energy of the persons on that vehiclgainicular by means of a pedal system,
lever or handle (e.qg. bicycles, tricycles, quadriey and invalid carriages).

Road motor vehicle [B.11.A-06]

A road vehicle fitted with an engine whence it des its sole means of propulsion, which
is normally used for carrying persons or goodsaordrawing, on the road, vehicles used
for the carriage of persons or goods.

8 Illustrated common glossary for transport statisUNECE, OECD, Eurostat)

http://www.unece.org/fileadmin/DAM/trans/main/wp6@fdocs/glossen4.pdf.
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Convention on Road Signs and Signals, of 1968 évina
Convention)

Motor vehicle [Article 1 (n)]

Any power-driven vehicle which is normally used &@rrying persons or goods by road or
for drawing on the road, vehicles used for the iage of persons or goods. This term
embraces trolley-buses, that is to say, vehiclemected to an electric conductor and not
rail-borne. It does not cover vehicles, such asicafjural tractors, which are only
incidentally used for carrying persons or goodsrbgd or for drawing, on the road,
vehicles used for the carriage of persons or goods.

Railway Safety Directive 2016/798/EU - AppendiotAnnex |
— Common definitions for CSls

Indicators relating to accidents

Significant accident [Item 1.1]

Any accident involving at least one rail vehicleniotion, resulting in at least one killed or
seriously injured person, or in significant damdgestock, track, other installations or
environment, or extensive disruptions to traffixclading accidents in workshops,
warehouses and depots.

Significant damage to stock, track, other installabns or environment [ltem 1.2]

means damage that is equivalent to EUR 150 000ooe.m

Extensive disruptions to traffic [Iltem 1.3]

means that train services on a main railway limesaispended for six hours or more.

Train [Item 1.4]

means one or more railway vehicles hauled by omaae locomotives or railcars, or one
railcar travelling alone, running under a given emor specific designation from an
initial fixed point to a terminal fixed point, inetling a light engine, i.e. a locomotive
travelling on its own.

Indicators relating to technical safety of infrasructure

Level crossing [Item 6.3]

Any level intersection between a road or passagk amailway, as recognised by the
infrastructure manager and open to public or peivasers. Passages between platforms
within stations are excluded, as well as passagestmcks for the sole use of employees

®  CSlI definition of ‘level crossing’ includes a ‘@E@ge’, so it is more universal than the
Eurostat definition.
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Road [ltem 6.4]

For the purpose of Rail Accidents Statistics, meamg public or private road, street or
highway, including footpaths and bicycle lane.

Passage [Item 6.5]

Any route, other than a road, provided for the pgssof people, animals, vehicles or
machinery.

Passive level crossing [Item 6.6]

A level crossing without any form of warning system protection activated when it is
unsafe for the user to traverse the crossing.

Active level crossing [Item 6.7]

A level crossing where the crossing users are piedefrom or warned of the approaching
train by devices activated when it is unsafe fertiker to traverse the crossing.

Protection by the use of physical devices includes:
« half or full barriers;
* gates.
Warning by the use of fixed equipment at level siogs includes:
« visible devices: lights;
* audible devices: bells, horns, klaxons, etc.
Active level crossings are classified as:

(@) Manual (supervised):a level crossing where user-side protection omiagr
is manually activated by a railway employee;

(b)  Automatic with user-side warning a level crossing where user-side
warning is activated by the approaching train;

(c) Automatic with user-side protection a level crossing where user-side
protection is activated by the approaching traihisTshall include a level crossing with
both user-side protection and warning;

(d) Rail-side protected a level crossing where a signal or other traistgution
system permits a train to proceed once the lexadsing is fully user-side protected and is
free from incursion.

Definitions of the scaling bases

“train-km” [Item 7.1]

The unit of measure representing the movementtia over one kilometre. The distance
used is the distance actually run, if availabldheowise the standard network distance
between the origin and destination shall be usedly @e distance on the national territory
of the reporting country shall be taken into ac¢oun

“line-km” [Iltem 7.3]

The length measured in kilometres of the railwatywoek. For multiple-track railway lines,
only the distance between origin and destinatido Ise counted.

“track-km” [Item 7.4]
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The length measured in kilometres of the railwatgmoek. Each track of a multiple-track
railway line is to be counted.
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Annex I

Recommend methodology to estimate costs of acante at level
crossings

1. The recommended methodologies provide a higtel ldvamework for the
categorization of different types of costs. In botlethodologies, cost categories can be
itemized by effect and impact. Primary effects octithe crash site and include casualties
(with related costs) and property damage (to highwahicles, railroad equipment, and
infrastructure). Secondary effects are associattdsupply chain and business disruptions.
The NCHRP methodology can also include effects @atad with rare catastrophic
crashes. Impact describes how each cost compofieatsasociety (i.e., directly, indirectly,
or intangibly); the process through which the intpacperceived (e.g., through business
supply chain disruption); or—in the case of rareastophic events— it may describe the
approaches taken to evaluate the cost.

2. For the NCHRP methodology, both the indirect ardngible costs are captured in
the Willingness-To-Pay measures for loss of lifd arjury. The methodology is supported
by a system of equations that practitioners cartwsstimate the costs of different types of
level crossings accidents. These equations aremebin figure xx. Further details can be
found in NCHRP 755 report: Comprehensive Costs afhitay-Rail Grade Crossing
Crashes to be consulted at: http://onlinepubstgfoalinepubs/nchrp/nchrp_rpt_755.pdf

Figure 1
Equations for estimating costs of different typesfdevel crossings accidents

Equation 1: General Formula
Crash Cost = Predicted Crashes * (Primary Effect Costs
per Crash +
Secondary Effect Costs per Crash)

Overall Crash Cost Equation
(By Crash Severity Type: Fatal, Injury,
Property Damage Only)

Equation 2: Primary Effects
Primary Effect Costs per Crash =
Y (Average Number of Casualties by Severity Level *
Cost per Casualty)
+ Property Damage Estimate per Crash

PRIMARY COST EFFECT
EQUATION

r Equation 3: Delay and Rerouting Cost
Delay and Rerouting Cost = [(Traffic Volume *
Closure Type * Delay Duration * Cost per Hour)
+ (Rerouting Rate * Rerouting Miles *
Travel Cost per Mile)]

Equation 4: Supply Chain Transport Cost
Supply Chain Transport Cost = Traffic Volume *
[(Hours Delay * Supply Chain Delay Cost per Hour)
+ (Diversion Rate * Tons per Vehicle * Transfer Cost per Ton)]
By shipment and commodity type

SECONDARY COST <
EFFECT EQUATIONS

Equation 5: Supply Chain Inventory Cost
Supply Chain Inventory Cost = Traffic Volume *
[(Loss Rate * Shipment Size * Value per Ton)

+ (Reliability Risk * Shipment Size * Value per Ton)]

— By shipment and commodity type

Source: NCHRP 755 report: Comprehensive Costs of High®Way- Grade Crossing
Crashes.
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3. The ERA CSlIs methodology in support of impleraénoh the European

Commission Directive 2014/88/EU can be used toutate four cost components reported
under CSls. The methodology can be consulted at/kitvw.era.europa.eu/Document-
Register/Documents/ERA%20Guidance_for_Use_of CR&-BUI-02-2015.pdf.

4. The value of preventing a casualty should babéished by either Willingness-To-
Pay or Human Capital/Lost Output approaches. kdsential to consider not only fatal
injuries, but also serious (or even minor injuriesdhis statistical life valuation exercise.
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